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cutting the schistosity of the country rock at angles varying from 15 to 20
degrees. The shaft is said to have been sunk to a depth of 100 feet, and
from the bottom a drift has been broken off, but very little stoping has
been done. :

The ore is nearly pure chalcocite, only a very little bornite having been
noticed, in a gangue predominantly of quartz with small amounts of
calcite, epidote, chlorite, and inclusions of the country rock. There is
here considerable evidence that some of the included schist fragments have -
been in part replaced by quartz. The indications are that the chalcocite
is largely supergene and secondary, having replaced bornite, and it is
probable that with depth the ore will become similar to that of the main
ghaft. But little can be said as to the value of the ore or the extent of the
ore shoot. However, it is certain that the shaft is located in an ore shoot
of considerable promise.

THOMAS MINE.

The Thomas mine was opened about the time the first development
work was done on the Holloway mine. It was thought at that time that
the two openings were on the same vein, but, so far as the writer could
determine, they are on separate and distinct veins. The Holloway vein
has a trend of approximately north 15 degrees west, while, so far as could
be determined, the Thomas vein has a northeast trend. Furthermore the
location of the Thomas mine with respect to the Holloway renders it all
but impossible for the two to be on the same vein.

The early work in the place was done by W. T. Harris and Henry
Hyde. Later the property was sold to Whitney and Stevenson, a Pitts-
burgh firm. At the time of the field work the shaft had partially eaved
and was filled with water. Very little could be learned as to richness and
general conditions of the vein, except what could be surmised from a study
of the dump. It appears that the vein where opened was not strongly
mineralized and that very little ore was produced. Careful search of the
dump was made for ore, but not a single specimen could be found, due,
perhaps, to the care with which the operators separated the ore from the
waste material. It is stated that a few tons of ore were produced and

shipped.

Two interesting items were noted in regard to the material from this
prospect: The decidedly porphyritic character of the rock, and the numerous
inclusions of fragments and plates of country rock within the white quartz
of the vein. The country rock at this place appears to be the most nearly
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typical porphyritic andesite found in the district. ‘Indeed, it was from a
study of material from this place that the true nature of the rock was first
recognized by Watson and Weed. The inclusion of plates and irregular
fragments of country rock give certain portions of the vein the appearance
of having been developed in the torn-apart or rifted schists. Some of the
fragments are fairly fresh rock, others are largely changed into chlorite,
while still others show evidence of partial replacement by quartz. Figure
16, taken from Weed’s® “Types of Copper Deposits in the Southern United
States,” illustrates these inclusions.

Fig. 16.—Sketch of a specimen from the Thomas vein, showiné areas of schist en-
closed in the white quartz. Specimen contains no ore. Three-fourths of natural
size. (After W. H. Weed.)

CROSS-CUT MINE.

This so-called mine is only a shallow prospect shaft, probably 70 or 80
feet deep in a vein which outcrops rather strongly about one mile south-
west of the main Durgy shaft, and which has a trend of north 30 degrees
west. The schistosity of the country rock is about 30 degrees east of
norfh, hence the name “Cross-cut” vein or mine. But little could be seen

*Loe. eit., p. 463.
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in the way of ore or vein matter, but there were very prominent stains of
malachite in some of the material on what remained of the dump. The
opening is in the bed of a small stream, dry during most of the year,
but running freely during the rainy season, and nearly all the material
taken out of the prospect has been washed away. It is reported that so far
as the work went conditions were favorable. However, the vein is small,
and about all that can be said in favor of the place is that by further work
there is a posgibility of finding a pay ore shoot.

A short distance southwest of the Cross-cut prospect are a number of
quartz veins, usually small, which show copper stainings, and prospect
pits have been made in a few places, but no development work has been
done. One of these veins is parallel with the Cross-cut vein. On this vein,
which is crossed by the public road and the small branch at the same place, -
a prospect shaft has been sunk, and a small amount of country rock and
vein matter has been taken out. The material carries a small amount of
ore, but nothing of much promise was seen.

Between the main shaft of the Durgy mine and a small stream about
one-fourth mile northwest the public road crosses two prominent and
well-defined quartz veins, each of which shows copper stainings. No
development work, however, has been done.

BARNES MINE.

The Barnes mine, which in reality is only a prospect showing a small
" deposit of copper ore, is located on the east bank of Roanoke River, in
Charlotte County, Virginia, about 8 miles from the junction of this river
with Dan River, and about one mile south of Mass’ Ferry.

It is not known when or by whom the prospect was first opened. There
are rumors and traditions that the place was opened and that ore was
extracted and reduced at the mine between 1700 and 1750. There is some
evidence to support the statements that the place was worked years ago,
but as to the date of the working nothing is known. The stateménts in
regard to the early work as made to the writer by John K. Taylor, of
Redoak, Va., who was present when the first work known to the present
inhabitants of the region was done, are as follows: In 1880 or 1881, when
some men were prospecting the quartz vein on which the mine is located,
they opened up an old and unknown shaft, the opening of which had been
walled in and covered with soil. This shaft was 57 feet deep, and from the
bottom a drift 28 feet long led into a chamber or room 84 feet long and
16 feet wide and 18 feet high or deep, the floor of which was 35 feet below
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the drift. In each end of this chamber there was a well or pit, one of
which was 35 and the other 24 feet deep. In this chamber were found the
remains of tools such as pick axes and shovels which had been used in
the work. No dump nor any other surface indications of this work were
visible, except a small amount of clinkers, cinders, or slag, many specimens
of which show copper stainings.

A small amount of prospect work was done in 1881, but the place was
soon abandoned. In 1898 the workings were again cleaned out and a little
more prospecting done. The property is owned by James A. Barnes, of
Redoak, Va.

The rock is the normal greenstone schist of the region, similar in all
respects to that at the other mines. The strike and dip of the schistosity
are north 30 degrees and 70 to 80 degrees to the southeast, respectively.
The vein is predominantly of quartz, with epidote and calcite, varies from a
few inches to 4 or 5 feet or more in width, and in strike and dip appears
to follow the schistosity of the country rock. The ore consists of bornite
and chalcocite, carries small values in silver and gold, and is apparently
similar to the ore from the other mines in the district.

A short distance north of the Barnes shaft is another prospect shaft on
the same vein known as the MacLean shaft. The vein is narrow, and at
the shaft not strongly mineralized.

McNENY MINE.

In the extreme northeastern part of the Virgilina district, a short
distance southwest of Keysville, Va., there are a number of copper pros-
pects which show rock, veins, ores, and general geologic conditions similar
in all respects to those in the central and southern portions of the district.
The most important and the best developed of these prospects, at the time
the field work on this report was done, is known as the McNeny mine.

The McNeny mine is located on the Reese Fork of Twitty Creek about
six miles southwest of Keysville and four miles east of the town of Drakes
Branch. The openings, two in number, were made in a narrow quartz
vein in the normal greenstone schists—altered basic volcanic tuff—similar
in all respects to the rock at the High Hill, Holloway, Blue Wing, and
other mines in the central portion of the district. The mine is on land
belonging to a Mr. McNeny.

At the time of the field examinations for this report the mine was not
in operation, the shaft was filled with water and consequently not accessible
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for study. The statements here made are, therefore, based upon such data
as could be obtained from an examination of the ore pile and dump, and
from people who worked in the mine when it was in operation. The
principal shaft is said to be about 150 feet deep, and to have been sunk in
the vein. Little or no outcroppings of the vein were visible at or near
the shaft, which was located in low ground near the creek. The vein is
. indicated on the surface both north and south of the shaft for a con-
siderable distance by quartz débris. It appears to be narrow—from a few
inches to four feet in width—and to present the usual irregularities such
as pinches and swells and to follow the country rock in strike and dip.

The predominant gangue mineral is a hard, vitreous, white quartz,
with a small amount of calcite, epidote, chlorite, and a little hematite. The
ore minerals are bornite and chalcocite, similar to that from the other
mines in relation and position in the vein, and in their relations to each
other. The vein, while apparently pretty well mineralized—estimated to
carry between 2 and 3 per cent copper—is so narrow that the mine from
present development can not be regarded as anything more than a favorable
prospect.

DANIEL'S MINE.

About one and one-half miles northeast of the McNeny mine, and
probably on the same vein, are two prospect pits or shallow shafts known
as the Daniel’s mine. The vein is a well-defined quartz vein which shows
considerable copper staining and in some of the material from the pits the
sulphides still remain. The country rock, vein, ores, and their relation to
the gangue, are similar in all respects to those of the largest mines in the
district. The vein, however, is rather narrow, 2 to 4 feet, and with the
present development the place can not be regarded as anything more than
a prospect. .

GILLIAM MINE.

The so-called Gilliam mine consists of a few prospect pits on a narrow
but well-defined quartz vein parallel to and about one-fourth mile east of
the Daniel vein. The conditions of vein, rock, and ores are similar to
those at the Daniel’s mine. There has not been sufficient development
work to warrant any statement as to the permanent value of this prospect.

WILSORN MINE.

A prospect pit in a quartz vein about three-fourths of a mile northeast
of the Gilliam prospect i8 known as the Wilson mine. The vein is narrow,
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and shows considerable copper staining, but from the small amount of work
done nothing can be said as to what future work may develop. This pros-
pect appears to be on the same vein as the Gilliam prospect, although it
was not possible to trace it through from one to the other.

CRENSHAW MINE.

On Reese Fork of Twitty Creek, about a mile above the McNeny mine,
are a few prospect pits known as the Crenshaw mine. These were sunk on
a narrow, but fairly well-defined quartz vein, which follows the strike of
the schists and which can be traced on the surface by quartz débris for
about one-fourth mile. There is considerable copper staining at the pros-
pect, which also shows some of the typical Virgilina sulphides, bornite
and chalcocite. The small amount of work done will not justify any state-
ments as to the permanent value of the place.

GROVE MINE.

About one-half mile northeast of the Wilson prospects are two or three
prospect pits known as the Grove mine. The vein is parrow, but well
defined and traceable on the surface for about one-fourth mile. The
material taken out shows the usual type of ore of the district. Only a little
work has been done and consequently nothing can be said as to its
permanent value.®

¢ Since the field work on this report was completed the Grove mine has been
developed to the stage where it is now the largest mine and the only producer in
the northern portion of the Virgilina district. It has been developed by three
shafts having depths of 60, 85, and 160 feet, respectively, distributed within a
distance of 300 feet along the vein. The working or 85-foot shaft, which is an
incline, has a total of 650 feet of drifts turned off from the shaft at the 60- and
85-foot levels. The 60-foot shaft, also an im@line, located 160 feet north of the
85-foot shaft, is ccnnected with the latter by the drift on the 60-foot level. The
160-foot shaft, a vertical shaft sunk in the hanging wall, is being sunk to catch
the vein at a depth of 200 feet.

The vein is traced on the surface for a distance of about a quarter of a mile.
strikes N. 35° E. and dips 75° 8. E., and varies from 4.5 to 5.5 feet in width. So
far as developments have extended the vein appears to increase in width with depth.
In composition and structure the vein is of the normal Virgilina type. Bornite and
chalcocite are the principal ore minerals. A little chalcopyrite and the oxidized or
carborrate ores, malachite and azurite, occur.

The ore is hand picked, hauled by team a distance of 1,800 feet to a spur track
from the Southern Railway, and shipped to the smelter at West Norfolk. Since
Octcber 1, 1916, the total shipment of ore will probably not exceed 2,500 tons net
dry weight. (From notes taken by S. Philip Holt of the Virginia Geological Sur
vey in a recent examination of the Grove mine.)

11
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KAY MINE.

About one-fourth mile south of Dan River and about one mile below
the mouth of Bannister River are three or four prospect pits and two
shallow shafts which are know as the Kay mine. The place is owned by the
Kay Mine Smelting Company, an organization incorporated under the laws
of South Dakota, and having an office at Omega, Va. Only a small amount
of work has been done and even this in an unsystematic manner. At the
time of the field work, most of the openings were filled with water and
inaccessible, and there was thus little opportunity to study the veins and
ores. . :
The country rock is the mashed and altered “sandy tuff,” or Aaron
slate, that is, a rock made up of basic volcanic ash and tuff with which, at
the time of its deposition, there was intermixed more or less terrigenous
material consisting of grains and fragments of quartz, mud, and other land
waste. This type of rock is fully described in the chapter on the detailed
description of the rocks of the district. It is rare indeed in the Virgilina
district that ore is found in this formation; in fact, the Kay mine is the
only prospect, so far as known, that is located in it. Quartz veins are about
as numerous in this rock as in the Virgilina greenstone, but for some reason
they do not appear to have been mineralized as they were in the greenstone.

As far as could be determined the vein or veins at this mine are neither
regular nor very well defined—certainly not like the typical veins of the
district. It is true that there is a considerable amount of quartz and that
the greater part of the ore occurs in it, but it appears to be somewhat
irregularly developed and not to lie in the usual regular veins with well-
marked walls. A considerable amount of mineralization has taken place in
the country rock. In fact, it appears that a very important amount of the
ore occurs outside of the quartz afeas.

The ore is of the typical Virgilina type—that is, it is a mixture of
bornite and chalcocite. In addition to the sulphides there is a considerable
development of malachite, a small amount of azurite, and here and there
a little cuprite. Assays of selected ore run from about 4 to about 30 per
cent copper, from 1 and 1.5 to 7 ounces of silver, and as high as .05 ounce
of gold per ton. There has not been enough development work to warrant
any statement as to the probabilities of there being a large deposit of ore
at this place. All that can be safely said is that the work thus far done
shows up a small and irregular body of ore which, unless more can be
developed, will be worthless. The place must be regarded merely as a
prospect until sufficient work is done to either prove or disprove the size
and value of the deposit.
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CHAPPELL MINE.

The Chappell mine, or rather Chappell prospect, is located almost on
the bank of Hyco River about two miles west of the High Hill mine. The
development consists of two shafts, 87 and 55 feet deep, respectively, and
about 125 feet of drifting.” Shaft No. 1, nearest the river, is 55 feet deep
and from it about 25 feet of drifts have been driven. Shaft No. 2, about
150 feet south of No. 1, is 87 feet deep and from it about 100 feet of
drifts have been driven. They are located in a narrow, but fairly well-
mineralized quartz vein, and are both probably on the same ore shoot. Both
shafts were filled with water when the field investigations were made and
hence inaccessible for study. There was, however, a considerable pile of
fairly high-grade ore in & dump near the shafts, and it is reported that
while the vein is narrow it is well mineralized. The country rock, vein,
and ore are of the usual type of the district. There is also a prospect pit
about 1,000 feet south of shaft No. 2. The material on the dump at this
place shows more or less copper staining, but the work is not extensive
enough to determine anything in regard to its value. This is also true of
the deposit as a whole. The development work has not been extensive
enough to either prove or disprove the property. The best that can be said
for it is that it is a fairly favorable prospect.

PONTIAC MINE.

The Pontiac mine, formerly known as the “Tuck property,” is located
about 6 miles northwest of Virgilina and one and one-half miles west of
Moffett post-office. It is reached by fair wagon roads, and is as accessible
as the High Hill or Seaboard mines. There is no immediate water supply,
but there is a small stream about one-half mile northwest of the property
that by impounding could be made to furnish sufficient water for mining
purposes, but would have to be pumped to the mine. The timber conditions
" are similar to those at the High Hill or Seaboard mines. There is an ample
supply of both oak and pine for all mining purposes.

The veins of this mine were located sometime between 1895 and 1900.
A little later the Pontiac Mining Company, the present owner, acquired
the property and began active development work which continued until
1903, when all work was stopped and the shafts allowed to fill with water.
No work has been done since that date and the property has been dis-
mantled. Two shafts were operated, one on the eastern vein which appears
to have a trend of 4 or 5 degrees west of north, and known as the Glasscock
shaft, and one on a smaller vein about 1,000 feet west of the Glasscock,
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known as the Tuck vein, which name was also given to the shaft. The
two veins are very different in character and in the ore they produce.
The Glasscock vein is irregular in width, strike, and dip, contains much
epidote and in places only a moderate amount of quartz; in fact, it is
reported that in places there was little vein matter of any kind unless the
epidotized country rock in which the ores occurred could be regarded as
the vein. The ore, too, is different from the usual ores of the district, in
that chalcopyrite is present in considerable quantity, making up about
one-third of the ore, the other two-thirds being bornite and chalcocite.
The minerals of the gangue, named in order of their abundance, are:
Epidote, quartz, chlorite, calcite, and hematite, which is present only in
small amount. The ore minerals in the same order are: Chalcopyrite,
bornite, chalcocite, malachite, azurite, covellite, and cuprite. Covellite,
cuprite, the carbonates, and a part of the chalcocite in the upper portion
of the vein are supergene minerals derived from the hypogene chalcopyrite,
bornite, and chalcocite. The relations of chalcopyrite, bornite, and chal-
cocite make it reasonably certain that the three are to be regarded as hypo-
gene or primary minerals, at least in part primary, so far as bornite and
chalcocite are concerned. Many specimens of chalcopyrite showing altera-
tions to chalcocite and covellite, and, in a few instances, doubtfully, bornite
was noted on the dump, but it is believed that much of the bornite and
chalcocite is hypogene and primary, and contemporaneous with the chal-
copyrite. Many irregularities such as broken ground, mud seams, varying
values, and different kinds of vein matter were noted in sinking the shaft.
So far as there are data on which to base possible explanations of these
phenomena, it is believed that they represent breaks and joints formed at the
time the fissure in which the ore occurs was formed. The vein was for the
most part developed in the fissure which crosses the strike of the schists, but
when the fissure was formed the schists were more or less disturbed and
torn apart, and, when the vein and ores were deposited, some of the deposi-
tions and alterations took place in the broken and rifted schist in the
immediate vicinity of the fissure.

This shaft is 203 feet deep and one drift was broken off at 86 feet from
the surface and driven about 50 feet to the south and 20 feet to the north.
Conditions as regards ore are said to have been promising, but the vein,
which -varies from 2 to 6 feet in width, is reported not to have had well-
defined walls and to have been difficult to follow.

There was no way of ascertaining the total amount of ore produced by
this prospect. A pile of good ore representing several thousand pounds
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was lying on a platform at the collar of the shaft, but how much more, if
any, the mine produced is not known. It is not advisable to make any
statements as to the future of this property until more exploratory work is
done. As things now stand the place must be regarded simply as a fairly
good prospect.

The Tuck shaft is about one-fourth of a mile southwest of the Glasscock
shaft and is on a separate and distinct vein. The country rock is the
normal greenstone schist, but contains less epidote than that at the Glass-
cock shaft. The vein is narrow, varies from a few inches to about 3 feet,
and appears to follow the schists in dip and strike. The most abundant
gangue mineral is quartz which makes up at least 80 per cent of the total
vein. The ore and gangue minerals are similar to those at the Durgy
mine and their relations to each other are typical of the district. The
shaft was filled with water at the time of the examination, but, judging
from the ore pile and the dump, the vein while narrow seems to have been
well mineralized where opened by the shaft. Until more work is done this
mine, like the Glasscock, must be regarded only as a fair prospect.

PANDORA MINE.

About 6 miles north of Virgilina and about 1 mile south of Moffett
post-office is a shallow prospect shaft known as the Pandora mine. No
work has been done at the place for a number of years. At the time the
field work was being done the shaft was filled with water, and about all
the data available as to the character of the vein and the ore were a few
conflicting stories told by people in the vicinity and such inferences as
could be drawn from examining a small amount of material on the surface
at the shaft. The rock is the ordinary greenstone schist of the district
somewhat more epidotized and not quite so highly schistose as usual. The
ore, a small pile of which remained at the place, consisted of bornite and
chalcocite with small amounts of the carbonates, and a little cuprite occur-
ring in both epidotized country rock and quartz. A small amount of well-
crystallized plagioclase feldspar, apparently albite, was noted in some speci-
mens as a gangue mineral associated with the ore in quartz. So far as
could be determined it appears that there is no regular and well-defined
vein. The shafts seem to have been sunk in epidotized and somewhat
mineralized area of the country rock. Until further development work is
done the place must be regarded as a prospect of doubtful value.

*
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MORONG MINE.

The so-called “Mother lode” mine of J. G. Morong is located about
three and one-half miles due north of Virgilina. The shaft which is re-
ported to be about 150 feet deep is located on a strong and well-defined
quartz vein of the usual Virgilina type, which can be traced in the surface
by actual outcrop and quartz débris for more than a mile. So far as could
be determined from an examination of the material on the dump and from
reports of men who were familiar with the place when the work was in
progress, it is believed that no ore of commercial value was found. At least
there is no evidence in the material now on the surface at the shaft of any
such ore. The vein shows copper stainings in a number of places, and it
may be that further development work would expose more favorable condi-
tions, but, until such work is done, the place must be regarded as merely
a prospect of very doubtful value.

BAYNHAM MINE.

The Baynham prospect or mine as it is called is located about 8 miles
north and a short distance east of Virgilina. It consists of a dilapidated
and partially caved shaft around the collar of which is a small dump
consisting of schistose greenstone—the usual country rock—and a small
amount of vein material, quartz, epidote, chlorite, etc., some specimens of
which carry a little ore of the usual Virgilina type. The place has long
since been abandoned and no data, other than that obtainable from the
dump, were available as to the conditions of vein and ore. It is, therefore.
regarded as a prospect of doubtful value.

ANACONDA MINE.

The Anaconda mine is located about one and one-half miles north of
Virgilina on the east side of the public road, near the colored schoolhouse.
It has not been operated for a number of years, and at the time of the field
examination for this report was filled with water and not accessible for
study. Very little authentic information in regard to it could be obtained
from the people in the district, but the consensus of such data as could
be obtained indicates that the shaft was sunk on a small but high-grade
shoot of ore. The ore taken out was shipped and the greater part of the
waste or barren rock hoiswed has been hauled away for use in road building.
However, such material as remained indicated that the mine had produced
gome good ore. Weed,® in his report on the Virgilina district, says of this
mine: '

¢ Loc. cit., p. 464.
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“The ore is a mixture of glance and gray copper in quartz. The dump
shows bright green schist largely impregnated with epidote. Some seven
carloads [of ore] have been shipped from this mine, which varied from
3 per cent of copper in the first carload to 12 per cent in the last five car-
loads shipped. . . . The vein can not be said to have had a very
extensive trial, and the ore thus far extracted has come from but one shoot.”

THE CORNFIELD PROPERTY.

Situated in the southeast part of the Virgilina town site are two or
three prospect shafts belonging to the William M. Pannebaker estate and
known as the Cornfield Property. They were opened a number of years
ago when mining was at its height in the district, but for some reason
" were soon abandoned and were not reopened until in the late fall of 1915.
The shafts are only a short distance apart and are in the typical Virgilina
greenstone, but the ore in each shaft is decidedly different from that in
the others. They are designated “Cornfield No. 1,” “Cornfield No. 2,” and
“Native shaft.” The ores from the respective openings are so different that
each will be described separately.

Cornfield No. 1 shaft when cleaned out was found to be about 55 feet
deep and about 6 by 6 feet in the clear, and enlarged to about 9 feet at the
bottom. The ore, consisting largely of chaloocite with only a small amount
of bornite, occurs in a gangue of quartz, calcite, and a little epidote and
chlorite, and in the country rock. There is, so far as the development has
progressed, no well-defined vein, although there is a decided tendency for
the ore to be segregated in different places in the mineralized portions of
the rock. The writer did not have an opportunity of seeing the prospeet
after it was reopened, but, judging from data and specimens of the ores
and rock which were kindly furnished him by the owners, it appears that
this is certainly one of the promising prospects of the district and that it
ought by all means to be given the attention which it deserves. In the
notes furnished by the owners of the property it is stated that the whole
width of the shaft, 9 feet, is more or less mineralized—all good milling
ore, with a streak of chalcocite and bornite nearly four inches wide in
one place.

The ores from this prospect are of more than ordinary interest in that
they contain some of the finest examples of graphic or crystallographic
intergrowths of bornite and chalcocite that were found in the district.
These are described in detail and photomicrographs of them are shown in
the chapter on the origin of the ores, and the descriptions neced
not be repeated here. The evidence afforded by these ores seems to the
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writer to indicate very clearly that there are two generations of chalcocite—
one of hypogene origin and contemporaneous with the bornite, and one of
supergene origin and younger than the hypogene sulphides in which it
occurs. Oaly the normal and usual minerals were found in these ores.
Cornfield No. 2 shaft is located about 400 feet east of No. 1 and in the
same type of rock, but the ores are different in that they contain in addi-
tion to the usual bornite and chalcocite a large amount of chalcopyrite and
an appreciable amount of pyrite which in the Virgilina district is an ex-
ceedingly rare mineral. This shaft was sunk entirely within a mineralized
area of the country rock. While the ores thus far found in this prospect
are not so promising as in the other shaft they are certainly worthy of
further exploration. The ore minerals are chalcopyrite, bornite, chalcocite,
malachite, azurite, klaprothite(?), pyrite, argentite, native copper, and
cuprite. There are apparently two generations of both chalcopyrite and
chalcocite, one of hypogene origin and one of supergene origin, and there-
fore younger than the hypogene mineralization. These relationships are dis-
cussed and illustrated in the chapter on the origin of the ores,
and the discussions need not be repeated here further than to state that
fine examples of the alteration of bornite to chalcopyrite were found.
The “Native shaft” is located in the southern part of the town site
only a few hundred yards south of the Baptist church and a short distance
east of the wagon road leading south from the town. This shaft is in the
northern portion of an epidotized and mineralized belt of the Virgilina
greenstone of varying width and extending southwestward along the strike
of the rocks for about two miles, in which the ore, consisting of native
copper, cuprite, and the carbonates, occurs for the most part in silicified
and epidotized portions of the greenstone instead of in definite fissure
veins as is usual in the Virgilina district. These deposits, if not exactly
like Weed’s® Catoctin type of copper deposits, are very much like them.
In fact, Weed himself places them in the Catoctin class. This subject is
discussed in detail in the chapter on the detailed description of the ores.
The ore in the “Native shaft” consists of native copper, cuprite, and
the carbonates in a gangue of epidote and quartz, the copper occurring for
the most part in the quartz, but to a less extent in the country rock and
in the epidote. There is no well-defined vein in the usual sense of the term,
and the ore is found as granular and crystalline metallic copper in irregular

* Weed, Walter H.: Types of copper deposits in the Southern United States.
Trans., Am. Inst. Min. Eng., Vol. 30. 1900, pp. 498-504.
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silicified and epidotized areas of the country rock and in short narrow quartz
veinlets. The cuprite and the carbonates which are regarded as alteration
products from the copper are disseminated through the country rock in
the vicinity of the deposits. It is also probable that a part of the metallic
copper occurs in the same manner, but, if it does, it was not discovered
during the field work upon which this report is based. At the time of the
field work this shaft was filled with water and not accessible for study.
Very little of the ore which had been taken out was available for study,
but such specimens as could be found consisted of native copper in quartz
and epidote, together with cuprite and the carbonates as oxidation products.
The shaft is reported to be about 60. feet deep and to have been sunk
through ore. It is also said that a good part of the ore taken out in
sinking was shipped to the smelter as high-grade ore. The shaft was
cleaned out in the late fall of 1915, and the owners state that both quartz
and epidote carry the ore which consists of the minerals just mentioned,
and that there is no regular and well-defined vein, but that the quartz and
epidote areas and veinlets which carry the ore are irregular in size and
occurrence. This is one of the most promising of all the native copper
deposits in the district, even though it has not been developed beyond the
stage of a mere prospect. In the immediate vicinity of this shaft there
are a number of silicified and epidotized areas of the greenstone which show
more or less mineralization. On this account it would seem that this is as
good a place as could be found in the whole district in which to try out.
by well-directed development, the native copper deposits.

PANNEBAKER PROSPECTS.

About one-half mile south of old Blue Wing post-office, and a short
distance west of the road and on the line between Person and Granville
Counties, North Carolina, W. M. Pannebaker opened in the summer of
1907 a number of prospect pits in some epidotized outcrops of country
rock containing irregular areas and stringers of quartz, which showed
copper staining. In some places native copper and cuprite occurred with
the malachite within a few feet from the surface, and in some of the pits
considerable areas of well-mineralized rock were found. No sulphide min-
erals were noted. The primary mineral appears to have been native copper
which was disseminated through the country rock, largely as thin plates
in the planes of schistosity and as irregular grains and elongated areas in
the quartz and epidote. The cuprite and the carbonate were derived from
the native copper by oxidation. So far as could be determined the native
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copper occurs in zones or areas in the country rock rather than in definite,
well-defined quartz veins, and while the mineralization is extensive no
deposits rich enough to mine have been opened. It is impossible to make,
with any degree of certainty, any predictions as to the future of these
deposits of native copper. It is certain that in many places the metal is
widely disseminated through the rock, but, until further exploratory work
is done, all such occurrences must necessarily be regarded as prospects of
unproved value.

Native copper occurs in two other prospect pits, one only a short distance
southwest of those just described, and the other at the roadside about
1 mile south of the Thomas mine. In both of these places the country
rock is amygdaloidal and native copper and cuprite occur in the amygdules.
Otherwise the conditions are similar to those at the Pannebaker prospects.
Neither prospect developed a promiging ore body. These deposits are also
of the Catoctin type. '

ANNIE MAUD PROSPECT.

About one-half mile south of Old Blue Wing post-office and a short
distance east of the county road is a small prospect which is said to have
produced some promising ore of the Holloway type, that is, the ore is
largely chalcocite in a gangue in which quartz is subordinate to epidote.
This shallow pit is known as the Annie Maud mine and is owned by the
Wm. M. Pannebaker estate. So far as could be determined, the vein, as it
is exposed in the prospect, is narrow, but it appears to be rather persistent
and has been traced by quartz débris on the surface for considerable
distances both northeast and southwest of the prospect. 'In fact, two other
openings have been made in what, so far as could be determined, is the
same vein. One of these, known as the Fourth of July mine, is located
about one-fourth mile northeast of, and the other, an unnamed prospect
pit, is about the same.distance southwest of, the Annie Maud opening.” The
work thus far done is not sufficient to either prove or disprove the value of
the prospect.

ENGLE PROSPECT.

The shallow pits and shafts about 1 mile northeast of the Gillis mine
are known as the Engle mine. The work was done in a small but fairly
well defined and narrow quartz vein which appears to be an extension of
the Gillis vein. Considerable copper-stained quartz was exposed and a
small amount of the usual sulphides, chalcocite and bornite, was found,
but nothing of commercial value was developed.
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GILLIS MINE.

The copper ores at the Gillis mine were discovered and the mine opened
in 1852 or 1853. It is, therefore, one of the earliest worked copper deposits
in the United States. It was examined by Ebenezer Emmons, State
Geologist of North Carolina in 1854, and in his “Geology of the Midland
Counties of North Carolina”® he described the mine and stated that two
ghafts had been sunk to a depth of 80 feet, the south one showing 5 feet
of vein and the north one 18 inches. He also noted that the expected
change of chalcocite to chalcopyrite with depth did not occur in this mine.
The vein does not present a prominent outcrop and appears to be narrow—
about 3 feet wide on the average. It is difficult to trace on the surface, but
appears to trend 10 degrees east of north and to dip about 70 degrees to
the southeast. The rock is the normal Virgilina greenstone. The vein is
composed largely of quartz, but contains appreciable amounts of calcite,
epidote, chlorite, and a little hematite. The ore minerals are bornite, chal-
cocite, malachite, azurite, chrysocolla, tenorite(?), and cuprite. Emmons
states that “vitreous copper” (chalcocite) occurred in a continuous belt
2 to 4 inches wide nearly pure. The mine has been closed for years and
no data further than those given were available.

COPPER KING MINE.

A prospect shaft about 100 feet deep, known as the Copper King mine,
is located about three and one-half miles southwest of Virgilina. There is
apparently no well-defined vein, and the ore occurs in an epidotized portion
of the country rock in which more or less quartz has been deposited in
irregular areas or masses and in lenses and stringers. Aside from the
excessive epidotization, the rock is the normal Virgilina greenstone. The
gangue minerals are epidote, quartz, calcite, chlorite, plagioclase (probably
albite), and a little hematite. The ore minerals are bornite, chalcocite,
klaprothite, malachite, azurite, and cuprite, which in some instances occurs
in the form of the so-called “plush copper ore” or chalcotrichite. The
sulphides are intimately associated with all the gangue minerals. One
specimen was found in which well-terminated albite crystals nearly an inch
long and more than one-fourth inch in thickness were embedded in massive
sulphides. The sulphide masses are always composed of an intimate inter-
growth of bornite and chalcocite.

e Emmons, Ebenezer: Geology of the Midland counties of North Carolina, 1866,
Pp- 344-346.
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At the time of the field work there was a small body of good ore in a
short drift which had been started from the bottom of the shaft, and there
were a few thousand pounds of high-grade ore on a platform at the collar
of the shaft. As conditions were at the time of the examination, there had
not been enough development work done to warrant any surmise as to the
future of the mine, and until such work is done the place must be regarded
as a promising though unproved prospect. It belongs to J. H. Morong,
of Virgilina, Va.

COPPER WORLD MINE.

The Copper World mine is about one and one-fourth miles southwest
of the Gillis mine and apparently on the strike of the Gillis vein—at least
if the strike of the Gillis vein be produced along its regular trend south-
westward it would reach the Copper World shaft. The rock is the normal
green and purplish schist of the district. The vein does not outcrop, but
judging from material on the dump it is the normal type of vein of the
district, that is, white quartz with epidote, calcite, and chlorite. The ore
is an intimate mixture of bornite and chalcocite with oxidized minerals
near the surface. The only reliable information available in regard to this
mine is by Weed,® who says:

“The Copper World was first opened in 1882. The present owner,
Colonel Stiff, has sunk a shaft, 60 feet deep, with drifts at 30 and 60 feet.
It is equipped with a small steam hoist and well timbered. The vein shows
the usual white quartz with some epidote, encased in gray and purple schist.

But one ore shoot has been crossed, from which 8 to 10 tons of high-grade
glance ore has been stoped and shipped.”

FOURTH OF JULY MINE.

A prospect shaft about two miles south of Virgilina is known as the
Fourth of July mine. Just why it is called a mine or why the shaft was
sunk was not made clear from an examination of the material on the dump,
which consists of normal greenstone schist with a few bunches of quartz
here and there which in places show a slight amount of copper staining.
So far as it was possible to determine there is no vein at the place.

ARRBRINGDALE MINE.

A few prospect shafts and pits were sunk a number of years ago on
some fairly well-defined quartz veins about two and one-half miles north-
west of the Durgy mine. These are known as the Arringdale mine. The
work was soon abandoned. and, judging from the material in the various

* Loe. cit., p. 463.
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" dumps, with most excellent reasons. It is true that some of the material
shows a slight amount of copper staining, but certainly not sufficient to
warrant one in sinking a shaft.

LITTLEJOHN MINE.

About one-fourth mile west of the Seaboard vein are a number of
closely spaced veins, some of which show considerable copper staining in
the outcrop. The property including these veins was recently purchased
by the Littlejohn Copper Company, of New York, and in one of the most
promising of the veins three prospect shafts were started. These are all
shallow, the deepest one being about 100 feet in depth, but they each show
a narrow well-defined vein with considerable mineralization, the ore con-
sisting largely of chalcocite with only a very little bornite. No assays of
the material taken out were available, but from the general appearance
of the vein it seems that further prospecting would certainly be justified.
At least nine veins showing copper stainings, outcrop on the property
owned by this company, and the most prominent of these veins are trace-
able by quartz and epidote débris as well as outcrops on the surface for
considerable distances, in one instance at least two miles. They are,
however, for the most part narrow and of doubtful value. As far as could
be determined their strike appears to be parallel with that of the schistosity
of the country rock.

ESTHER MAY PROSPECT.

In the Seaboard vein where it is crossed by the county road about one-
fourth mile north of the Seaboard mine is a small prospect pit known as
the Esther May mine. The pit is only a few feet deep, certainly not deep
enough to either prove or disprove the property. The material on the
dump shows a small amount of ore similar in all respects to the Seaboard
ore and the prospect so far as could be determined is on the main Seaboard
vein.

WALL MINE.

About three-fourths of a mile north of the Seaboard mine are two or
three prospects known as the Wall mine. The country rock at these
places is the tuffaceous phase of the Virgilina greenstone similar to that
at the Seaboard mine. The vein, so far as could be determined, has a con-
siderably more northerly strike than the schistosity of the country rock.
At the time of the field investigation for this report this mine was not in
operation. The shaft was filled with water and there was, therefore, no
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opportunity for underground examinations. It is reported, however, that '
the vein is narrow, averaging not more than 2 feet in width, but that it is
well mineralized. The material on the dump shows that the ore consists
of bornite and chalcocite in a gangue composed dominantly of quartz, con-
siderable epidote, and a small amount of calcite with a little chlorite. Only
one opening of any importance was made in this vein. It is reported that
the shaft was sunk through a depth of 135 feet and that a drift about 100
feet long was driven from the bottom of the shaft.

The ore from this mine when examined under the microscope' proved
to be the most interesting of the whole district in that it presented the
best examples of crystallographic intergrowths of bornite and chalcocite
that have ever been found.

A typical case of such intergrowth is illustrated in Plate XVII. At a
magnification of 40 diameters these areas resemble very closely the inter-
growths of quartz and feldspar in a micropegmatite, or the intergrowths
of the constituents in certain alloys. At the highest magnification used,
that of 575 diameters, this resemblance is even more pronounced. When
-an area of such intergrowth is etched deeply enough to bring out the
cleavages distinctly the chalcocite is seen to be composed of numerous
medium-sized individual grains, the cleavage lines of which could be seen
to extend from one side of the grain to the other, interrupted here and
there by the filaments of bornite. This type of texture is regarded as strong
evidence that the two minerals crystallized at the same time. This subject
is discussed in greater detail in the chapter on the genesis of the ores.

GOLD MINES AND PROSPECTS.

General stalement.—All the copper ores of the Virgilina district carry
small but variable values in gold. The usual values of the concentrates and
ores in gold as shipped to the smelters vary from a mere trace up to 1.30
ounces per ton. Tt is also reported that “colors” of gold may be found in
many stream beds and other places in the district. However, so far as was
determined during the field investigations for this report, there is only
one area included within the district as shown by the accompanying map
(PL. I) which shows the presence of gold in sufficient quantity to warrant
prospecting for it. This is an area about 2 miles wide extending from
about 2 miles to 6 miles northeast of Virgilina. The southern half of this
area, which contains many irregular quartz veins and stringers, stands a
little higher than the surrounding country and is known as Gill’s Mountain.



POOLE AND HARRIS PROSPECT, AND RED BANK MINE. . 161

It is said that nearly any stream in this area, by panning, will show from
one to many colors of gold, some of which is fairly coarse. A number of
prospect pits have been sunk and many cross-cuts made in the area, with
the hope of locating valuable deposits. Many of these show gold, but it is
nearly always present in too small amount to be of any commercial value.
While many of these veins and stringers show pyrite and gold it is very
seldom, indeed, that they show any of the copper-bearing sulphides. Of
all the pits and cross-cuts in this territory only three show indications that
might possibly warrant further prospecting. It also seems probable that
these three are all on the same vein, at least in the same mineralized zone.
These, beginning with the one farthest south, are: The Poole and Harris
Prospect, the Red Bank Mine, and the Luce and Howard Mine.

POOLE AND HARRIS PROSPECT.

About one and one-half miles south of the Red Bank mine are a number

of shallow pits and cross-cuts in a quartz vein which in places shows rather .

favorable pannings. Only very little surface work has been done and no

_assays are available nor other data that would afford any quantitative

information. As conditions are, the place can not be regarded as more
than an undeveloped prospect.

RED BANK MINE.

The Red Bank mine is located about four and one-half miles northeast
of Virgilina, and about one-fourth of a mile north of the wagon road lead-
ing from Red Bank store to Hitesburg. It was the only gold mine in
active operation at the time of the field work. In fact, it is the only gold
mine thus far developed to any important extent in the whole region. The
veins were discovered and active development was begun in 1903 by H. C.
Crowell. Very soon after the discovery, W. T. Harris became associated
with Mr. Crowell in the development work. These men carried on the
work until 1905, when they sold the property to its present owners, the
Virgilina Mining Company, with headquarters in Buffalo, N. Y. The
surface plant consists of a small stamp mill, ore bins, crusher, air com-
pressor, boiler, and engine all well housed. All the ore thus far taken out
was handled by the stamp mill and amalgamating plates. Much of the
gold has been proven to be very fine and consequently the slime loss has
always been considerable. To avoid this the company purchased a cyanid-
ing outfit, but for some reason did not install it.
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The underground development consists of two shafts, one about 50
and the other about 200 feet deep, and about 650 feet of drifts. The first
level at a depth of about 70 feet extends 370 feet south and 120 feet north
of the shaft. The second level extends about 90 feet south and 100 feet
north of the shaft. Considerable stoping has been done, but little or none
of it extends below the 70-foot level. All drifting and development work
has been confined to the one vein.

The country rock is the usual greenstone schist of the district. The
green- and purplish-colored types of the rock are both present and its
tuffaceous nature is plainly visible upon close examination. It appears
that the rock is probably more highly schistose than at the other mines. The
vein is of the fissure type and appears to follow the dip and strike of the
schistosity of the rock in which it occurs. It varies in width from a few
inches to 6 feet, averaging perhaps three and one-half feet. The walls are
well defined and the vein is easily followed. Much silicified country rock
_i8 included in the vein and much of it has a decided reddish color
resembling jasper, due probably to the development of hematite in the
siliceous material.

It is said that the richest values were found in the reddish portions of
the vein. The upper portion of the vein seems to carry only two metallic
minerals, gold and hematite, but with depth a small amount of pyrite began
to come in. The values are not evenly distributed throughout the vein,
but they occur in a well-defined ore shoot, only one of which has been
developed, although others of more or less promise are known to exist.
Even in the ore shoot the values are “spotty” and in places the vein carries
very little or no value. No properly made assays were available, and it is
therefore not possible to make any statement in regard to average value of
the ore per ton. However, it is reported that up to date (1912) the mine
had produced a total of $22,000 worth of gold.

It is not known why the mine has been allowed to lie idle so much—
whether due to lack of suitable ore or to the management. H. C. Crowell,
who is familiar with the workings, says that there is a good body of average
grade ore in sight, but that much of the gold is too fine to be saved on
amalgamating plates and that this fact is responsible for the idleness.

Not much can be said with any degree of certainty as to the future of
the mine. Certainly some high-grade ore was taken out, but it is not known
how much remains unbroken. Until more development work is done the
place must be regarded as a favorable, but unproven, prospect.
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LUCE AND HOWARD MINE.

A prospect on a hill about one-fourth of a mile northeast of the Red
Bank mine and apparently on the same vein is known as the Luce and
Howard mine. The metal sought was gold which occurred in small
quantity in quartz veins and stringers in the schists. The place was not in
operation at the time of the field examinations for this report and the
workings were not accessible. So far as could be determined from exami-
nations of material on the dump, conditions are somewhat similar to those
at the Red Bank mine. Three shafts have been sunk to depths varying from
75 to 100 feet, but little or no stoping is said to have been done. A small
stamp mill and concentrating machinery have been installed, but no data
were available as to the success of the mill. [t is reported that much of
the gold is very fine and as a consequence very difficult to save by
amalgamation.

UTILIZATION OF THE ORES.
GENERAL STATEMENT.

There are three ways of utilizing the Virgilina ores: (1) Ship the
run-of-mine ore, less such waste material as can be eliminated from a
picking belt, direct to the smelter for use as converter linings or as a
siliceous material for fluxing heavy sulphide ores or concentrates. (2)
Concentrate the ores and ship the concentrates. (3) Extract the metals
from the ores in a plant erected in the district for the purpose; such
plant might consist of a smelter or be equipped for roasting the ores and
concentrates and leaching the valuable metals from the roasted material.

SHIPMENT OF ORE WITHOUT MILLING.

The location of the district and the type of ore produced are favorable
to .the first-mentioned way of utilizing the ores, that is, ship the roughly
picked ore direct to the smelter for use as siliceous material. The district
is not far removed from a number of smelters, and, if reasonable freight
rates can be obtained, the hand-picked ore, carrying from 4 to 8 per cent
of copper and 70 per cent excess silica, could undoubtedly be shipped at a
profit. The nearest smelter is the Virginia Smelting Company, at West
Norfolk, Va., only 147 miles distant. This smelter at the time of the field
work was treating large amounts of roasted pyritic copper ore, “spent
pyrites,” from Canadian points, and the management was more than
anxious to have siliceous ores to serve as flux with the heavy iron ores.

12
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Very reasonable freight rates were in force between Virgilina and Norfolk
and if proper contracts could have been made which would have assured
the smelter a steady and regular supply of siliceous ore, and, at the same
time had assured the miner a steady and fair market for his ore, it is
reasonably certain that the whole output of the district could have been
disposed of to this smelter. In fact, the greater part of the output was
handled by this smelter.

In case the Norfolk smelter could not handle the ores, the smelters in
New Jersey and the Tennessee Copper Company’s smelter at Copper Hill,
Tenn., are within reach. They are farther away and the success of ship-
ping to- these markets would depend upon the kind of freight rates that
could be obtained. All these smelters are buying silica for use as flux, and
it is believed that by assuring the railroad of regular and large shipments
of ore, the price for the excess silica in the ores would almost, if not
quite, meet the transportation charges and thus enable the operator to
deliver the actual copper ore to the smelter free of, or for a very small,
freight charge. These smelters, especially the one at Copperhill, Tenn.,
have used many shipments of ore from the Virgilina district. Indeed, in
1909 and 1910, the Tennessee Copper Company did considerable exploratory
work in the district for the purpose of ascertaining whether or not a suffi-
cient supply of siliceous ores could be obtained for their smelter. The
project,failed, but it is said not from a lack of ore, but because of exorbitant
prices demanded for property.

In order to sell Virgilina ores in this way to the best advantage it will
be absolutely necessary for the district to be able to deliver steadily and
regularly a reasonably large tonnage of fairly uniform ore. There is
probably not a mine in the district, when operated as a single unit, that
can meet such conditions, but if a number of the most promising mines
and prospects would combine in marketing their ores the conditions could
be met very easily. It seems perfectly evident that the only way to operate
the mines on the basis of greatest profit to the individual owners is to
consolidate them, at least so far as selling and shipping the ore is concerned.

MILLING THE ORES AND SHIPMENT OF CONCENTRATES

Sufficient experimental work, and actual milling of the Virgilina ores
on a commercial basis, have been done to demonstrate beyond any question
that they are readily amenable to concentration. This statement is made
with full knowledge of the failure of both the High Hill and Person
Consolidated mills to give satisfactory results. It is perfectly clear to any
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one familiar with the construction, equipment, arrangement, and manage-
ment of these mills, that the causes for failure lay within the mill and its
management and not within the ores. Every mining engineer of any
standing who has examined properties in the district has either strongly
recommended concentration or remarked that the ores are favorable for.
concentration. The important minerals of ore and gangue together with
the specific gravity of each are given in the following list:

Ore Minerals ! Specific Gravity
Bornite ........... ... .o il 4.90 to 5.40
Chaleocite .............ccooiiiiiiiinnn 5.50 to 5.80
Argentite® ............ ... ool 7.20 to 7.36
Chalcopyrite® ...........coovviiiiiienn 4.10 to 4.30

Gangue Minerals Specific Gravity
Quartz ........ ... il 2.65 to 2.66
Caleite ................iiiiiiian, 2.71
Epidote ..........coiiiiiiiiiiiiiit, 3.256 to 3.50
Chlorite ............ccciiiiiiiinnnnne, Under 3.00
Average rock .............. ..ol About 3.00

It is seen that there is a difference in specific gravity of 1.7 between
the average bornite, the lowest important ore mineral, and the average
of epidote, the highest important gangue mineral. In good milling practice
it is possible to separate without great difficulty minerals having a difference -
of little more than .5 in specific gravity. It is, therefore, clear that so far
as the relative specific gravities of the gangue and ore minerals are con-
cerned there is nothing to interfere with successful concentration.

There is, however, one feature that complicates the problem and one
which must be seriously considered in any attempts to concentrate these
ores. This is the brittleness of bornite and chalcocite, the principal ore
minerals, and the toughness and hardness of epidote and the hardness of
quartz, the principal gangue minerals. Consequently, there will be a strong
tendency for the ore minerals to crush very finely and form a great deal
of slime, which will be lost in the milling process unless careful measures
are taken to save it. The best way to save slimes in ore dressing by gravity
methods is not to make them; therefore in treating these ores every pre-
caution must be taken to prevent the formation of slimes. In planning a
method of treatment for these ores, this question must be given first and
foremost consideration. Then, in spite of every precaution, a certain

*It is assumed that the silver in the ores occurs in the form of argentite.

® Chalcopyrite occurs in appreciable quantities in only two mines or prosdpectl in
the district—the Glasscock shaft of the Pontiac mine, and the Cornfield No. 2
prospect.
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amount of slimes will be formed, so that no process could be considered
adequate which did not include apparatus for collecting and saving slimes.
One of the fundamental principles of ore dressing is never to crush the
ores any finer than is absolutely necessary to free the valuable minerals
from the deleterious or worthless material. In applying this principle to
the Virgilina ores there is both a fortunate and an unfortunate feature.
The fortunate one is the fact that in most of the deposits the ores are pretty
well bunched or segregated in fair-sized areas, and can be saved without
exceedingly fine crushing. The unfortunate feature is the fact that this
segregation was not carried to completion and as a consequence there is a
great deal of vein through which the ore is finely disseminated and which
therefore must be crushed very finely. Therefore, in devising a system of
treatment means must be provided for taking out as much ore as possible
without crushing and to crush only what is absolutely necessary and then
not any finer than is absolutely necessary to free the values from the gangue.
This makes it necessary, in order to treat any of these ores to the best
advantage, to provide a picking belt which takes the ore from a rock breaker
in which it is broken to about 2-inch size but no finer. From this belt
three products will be obtained—a shipping ore, a milling ore, and much
barren quartz and country rock. A picking belt is regarded as essential

" to any equipment for dressing these ores. '

The mill equipment of the High Hill, Person Consolidated, and Sea-
board mines has been described in the paragraphs relating to these mines
and will not be repeated here. Of these mills only the Seaboard was a
success. Before erecting this mill, A. W. Tucker, at that time manager of
the Seaboard mine, carried out a great deal of experimental work on the
ores, with the object of determining the best type of treatment for them.
This is the only work of its kind thus far attempted with the ores from the
district, and it seems best to quote briefly from Mr. Tucker’s report of his
work.

“The tests were made on ore from the Seaboard mine in the ore dressing
laboratories of the Massachusetts Institute of Technology, Boston. The
total amount of ore used was a trifle under two tons. It had been crushed
at the mine to 2-inch size and all high-grade ore taken out. By high-grade
ore is meant all ore running 10 per cent copper or over. This was done to
take the place of a picking belt which is essential to any mill in the district.
Much work was done on the ore for two purposes: First, to determine the
fineness to which the ore must be crushed in order to produce the greatest
percentage of saving in the simplest manner; and, second, to determine the

adaptability of various machines to the concentration of this particular
ore. Under such conditions it is readily seen that a negative result would
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be nearly as valuable as a positive one. From the results obtained the
proper mill to install can be determined easily, but the individual test or
run has little value by itself. Three complete runs or tests were made.
They are as follows:

“In the first test the ore was crushed and then reduced to 5-mesh by
putting it through one set of rolls. This 5-mesh product was fed direct to
a 3-compartment Harz jig, containing 12-mesh hottom screens and allowed
to make its own bed. The hutch product was run in a one-spigot classifier
which gave two products, heads and tails. The jig tails, jig middlings,
and the classifier tails were mixed and run through a gravity stamp mill
having a 14-mesh screen. The stamp mill pulp was classified and the
various sizes run on Wilfley tables. The mud from the jig was added to
that from the Wilfley tables and run on a Wilfley slime table. This test
showed a total saving of 81.09 per cent of the total copper in the ore,
distributed as follows: Jig, 48 per cent; Wilfley table, 27 per cent; Wilfley
slime table, 6 per cent. The onglnal ore assayed 2.78 per cent copper,
hence the ratio of concentration was 14 to 1.

“The second test was one of graded crushing with rolls through 8 mesh.
The material was classified in a 4-spigot classifier, Spigot No. 1 went to
the jig, the middlings being run on gravity stamps having a 20-mesh
screen. Spigots Nos. 2, 3, and 4 were treated in the usual manner on
Wilfley tables, the overflow going to a Wilfley slime table. This test was
made on ore assaying 3 per cent copper. The saving was 88.22 per cent of
the copper and was distributed as follows: Jig, 52.61 per cent from treat-
ment of material from spigots Nos. 2, 3, and 4; and overflow, 15.10 per
cent; treatment of jig middlings, 20.51 per cent. In this test, however,
all products assaying 10 per cent or over were called heads without further
concentration and the ratio of concentration would therefore he low.

“In the third test the two-inch material as received from the mine was
fed directly to gravity stamps having a 14-mesh screen. The pulp was
classified and run on Wilfley tables; 79.30 per cent of the total copper
content of the ore was saved as follows: Wilfley tables, heads, 60.54 per
cent; round table, heads, 6.43 per cent; and Wilfley slime table, 12.33
per cent. The original ore assayed 2.80 per cent copper. The test showed
the round table to be almost worthless as a machine to follow Wilfley tables.
If these tables had been followed by a Wilfley slime table as in the other
tests the extraction would probably have been higher.

“It was also found that the gold and silver values concentrate with the
copper.”

The mill at the Seaboard mine, which was built and operated by Mr.
Tucker after he had completed the experimental work on the ores, was, so
far as can be determined, very successful, but did not make as high a
saving as was made in the experimental runs. The flow sheet on page 100
shows the equipment of this mill.
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CONCENTRATION BY FLOTATION.

While flotation has not been tried on the Virgilina ores, it has been
practised with such great success throughout the world upon many ores
far more difficult to treat than these that there is absolutely no doubt that,
if given a fair trial, it will prove to be as successful here as elsewhere.
In fact from the writer’s knowledge of the subject he is certain that it is
the most promising of all available methods of concentrating the Virgilina
ores. Its advantages over other methods of concentration for these ores
are so evident that it really seems unnecessary to discuss them except in a
general way. The most patent advantage is in the handling of slimes. The
worst feature of all other methods of concentration is the difficulty of saving
the slimes. The condition of the ore is such that in order to free the values
from the gangue, it is necessary to crush it very finely and this can not be
done without making a large amount of slimes. Because of this it is
necessary in considering any method of concentration to include a method
of treating the slimes. Flotation thus far is the only really successful
method known of treating such material.

Another very important fact in regard to flotation is the flexibility of
the process. It can be used alone or in combination with table concen-
tration with equal facility. Thus, if it is desired to use ordinary gravity
concentration for everything except slimes and to treat them by flotation,
it can be done easily and economically. A flotation machine large enough
to treat the slimes from a 50-ton mill will cost but little more than a slime
table for the same purpose, and it will not require a great deal more
operating power. It is also just as practicable and certainly more eco-
nomical to arrange to do all the concentration by flotation as by ordinary
methods, or by a combination of the two.

Finally the item of cost of installation and operation of a suitable
concentrating plant is believed to be greatly in favor of flotation. The
greatest expense is that of crushing machinery, and this has to be met in
either case regardless of the method of concentration used.

It is not the intention of the writer to go into the question of flotation
in detail. In fact, such a discussion would be out of place in a geological
report. All he desires to do is to call the attention of the operator in the
district to the importance of the subject and to suggest that it be given
careful consideration.
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SMELTING ORE IN THE DISTRICT.

The last of the three ways of treating the ores, smelting or extracting
the metals from them in the district, is considered the least feasible of all.
There are many reasons for this conclusion, among which may be mentioned
the following: There is not only no readily accessible fuel supply but no
supply of material suitable for flux. It would, in all probability, be less
expensive to ship the ore or concentrates to a smelter than to pay trans-
portation charges on fuel, material for flux, and general supplies. It does
not appear probable that the district will ever produce large quantities of
ore—probably not enough to supply a large metallurgical plant. Small
copper smelters are usually not very satisfactory and they generally are
more expensive to operate than large plants in proportion to the amount of
metal produced. ,

It is realized that there is a possibility of treating these ores by hydro-
metallurgical processes, and that such processes might eliminate certain of
the obstacles in the way of smelting operations.

It is even true that a process for extracting the copper from the ore by
acid leaching and recovering it by electrolytic precipitation was installed
and operated a short time in 1907 at the High Hill mine. The process
and results were kept secret, but it is well known that from a commercial
standpoint the plant was a failure. The process so far as it could be learned
consisted in giving the crushed ore a sulphating roast in a specially con-
structed reverberatory furnace, leaching the roasted ore with dilute sul-
phuric acid, and finally precipitating the copper electrolytically.

In considering any method of treating as well as mining the Virgilina
ores the prime factor must be to keep expenses down to the minimum.
The two methods just considered are of necessity expensive and on this
account, if for no other reasons, are not considered feasible.

The first two ways mentioned of utilizing the ores, shipping the hand-
picked ores to smelter or of milling the run-of-mine ore, less such waste as
can be easily eliminated from a picking belt, are both considered feasible,
and it is recommended that they be given careful consideration by any one
contemplating operations in the Virgilina distriet.

SUMMARY.

Of the three methods of handling the Virgilina ores that have just
" been discussed, namely, shipping the hand-picked ore, concentrating the
ore and shipping the concentrates, and reducing the ore to metal in the
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district, the second one appears to the writer to be the most feasible.
This is also the conclusion reached by most of the men who have at
different times operated mines in the district, as well as it is the opinion
of the best mining engineers who have written commercial reports on the
district. Unless straight flotation be adopted a fairly complicated equip-
ment will be required in the treatment of these ores, and in order to secure
the greatest efficiency it will be necessary to handle as large quantities of
ore as possible. A large mill will, therefore, be necessary. Taking into
account the small size of the individual deposits, it appears that it would
be little short of actual folly for each individual mine to erect a concen-
trating plant. The cost of erecting and operating the mill would be
almost, if not quite, prohibitive. The writer believes that the most satis-
factory as well as the most economical plan would be some schéme of
cooperation between the different operators in the district whereby there
could be erected a centrally located mill large enough to handle all the
milling ores from all the mines. Such a mill could be located on Aaron’s
Creek near the railroad. Each mine could install and operate a picking
belt so that it would be necessary to haul only the concentrating ore to
the mill.

As regards transportation it seems probable since motor trucks have
been developed to such a high degree of efficiency that they could be satis-
factorily employed for the purpose.

It seems desirable before discontinuing this subject to quote a sum-
marized statement of the recommendations given by Mr. H. A. Keller in
a commercial report on the district a few years ago. This was written
before flotation had been developed to such a high degree of efficiency, but
it is still worthy of the most careful consideration by any one contemplating
mining in the Virgilina district.

“(1) The ore should be crushed at the shaft and the high-grade
smelting ore saved and the waste eliminated from a picking belt before the
ore goes to the mill.

“(2) The ore should be jigged as coarse as possible in order to avoid
crushing or pulverizing the small bunches of pure minerals—thereby avoid-
ing as much slime loss as possible.

“(3) The jig tailings must be recrushed and concentrated further.

“(4) Some satisfactory treatment must be provided for slimes.”
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